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Properties of Pozzolana Cements. 


A SERIES of tests, extending over seven years, on Portland pozzolana cements 
is reported in a paper presented by Messrs. G. L. Kalousek and C. H. Jumper 
to the American Concrete Institute and published in the “ Journal’”’ of the 
Institute for November, 1943. The investigation was started in 1934, and samples 
of ten commercial products were obtained over four years ; two Portland cement 
“‘Santorin Earth”’ blends prepared in the laboratory, one natural, and two 
standard Portland cements were also tested. 

The oxide compositions of 13 of the cements are given in Table 1. The analyses 
of eight Portland cement clinkers or cements used by the manufacturers of the 
Portland pozzolana cements are given in Table 2 ; also included are those of two 
clinkers used in the laboratory blends. Cements Nos. 1 to 10 were commercial 
pozzolana, Nos. 11 and 12 were laboratory blends, No. 13 a natural, and Nos. 
14 and 15 standard Portland. Nos. 11 and 12 were prepared by grinding together 
62:2 parts by weight of crushed commercial Portland cement clinker, 35-0 parts 
of ‘“‘ Santorin Earth ’”’ (a volcanic ash), and 2-8 parts of gypsum. A high-early- 
strength cement clinker was used for preparing No. 11, and a standard clinker 
for No. 12. 

CEMENT No. 1.—Processing of pozzolana: A 1:1 mixture of red over-burden 
clay and low-grade cement rock was ground to a fineness of 80 to 85 per cent. 
passing a No. 200 sieve, and the mixture calcined at 980 to 1,090 deg. C. in a rotary 
kiln. The hot mixture was put through a hydrator, enough water being added 
for complete hydration. The hydrated product was mixed with a partially- 
ground cement clinker and gypsum, and then ground finely. 

Type of cement clinkgr : Standard Portland. 

Amount of pozzolana : 40 per cent. 

Remarks : SO, content controlled to meet the 2 per cent. limit of specifications. 

CEMENT No. 2.—Processing of pozzolana : Clays from two sources were finely 
ground together and made into a slurry the composition of which was controlled 
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for SiO,, Fe,O3, and Al,O3. The product, containing small amounts of lime- 
stone as impurities, was burned in a cement kiln at a temperature of about 830 
deg. C. There was no fusion of the mixture which, after cooling, was blended 
with cement clinker and gypsum and then finely ground. 

Type of cement : Moderate-heat-of-hardening Portland. (Standard Portland, 
however, is also used in making this cement.) 

Amount of pozzolana : 30 per cent. 

Remarks: The composition of the pozzolana cement was controlled for a 
certain maximum of CaU, above a certain minimum of SiO,, and a certain mini- 
mum of insoluble residue. The surface area of the cement was between 2,500 
and 3,000 square centimetres per gramme. 


TABLE 1.—OxIpE ComposiTIONs (PERCENTAGE). 
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(a) Also 0.9 per cent FeO. (b) Gained weight. (c) Blank spaces indicate that data were not 
obtained. : 


TABLE 2.—OxIDE COMPOSITION OF CEMENTS AND CLINKERS, INSOLUBLE 
RESIDUE, PozzoLANA CONTENT, ETc. 
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(a) The compositions of the cements and clinkers except those of the laboratory blends Nos. 11 
and the compositions of the pozsolana in cements 7 and 8 were submitted by the manufacturers and were 
claimed to approximate only the compositions of the respective materials used in this investigation. 
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CEMENT No. 3.—Processing of pozzolana: Water-cooled granulated blast- 
furnace slag was dried before grinding. 

Type of cement clinker : Standard Portland. 

Amount of pozzolana: About 48-5 per cent. 

Remarks: Cement No. 3 was still in experimental stages ; the commercial 
product is represented by cement No. 9. 

CEMENT No. 4.—Processing of pozzolana: Clay was processed by adding it 
to the red hot clinker discharging from kiln. No temperature was recorded, 
but the clay turned to a light brown colour without showing any fusion. 

Type of cement clinker : Standard Portland. 

Amount of pozzolana : Slightly below 20 per cent. 

Remarks : Experimental cement. 

CEMENT NO. 5.—Processing of pozzolana: Properly-proportioned calcareous 
and argillaceous materials were vitrified. The resulting product was a mixture 
of SiO, (non-crystalline), CaO. Al,O,.2Si0,,. (FeO .MgO) SiO,, and minor 
amounts of alkalicompounds. The clinker or slag was interground with Portland 
cement. 

Type of cement clinker : Not given. 

Amount of pozzolana : Usually about 50 per cent. 

Remarks : Surface area of cement was about 2,200-2,400 square centimetres 
per gramme. 

CEMENT No. 6.—Same as cement No. 2 except for cement clinker composition 
(see Table 2). 

CEMENT No. 7.—Processing of pozzolana: The pozzolana was made by heat 
treatment of sand and clay at 980 deg. C. in a rotary kiln. The pozzolana was 
interground with the cement clinker and gypsum. 

Type of cement clinker: Low-heat-of-hardening Portland. 

Amount of pozzolana : 25 per cent. 

CEMENT No. 8.—Processing of pozzolana: Shale and limestone ground to 
No. 4 mesh were calcined in a rotary kiln at 1,000 to 1,100 deg. C. The pozzolana, 
cement clinker, and gypsum were ground together in ball and tube mills. 

Type of cement clinker : Standard Portland. 

Amount of pozzolana : 25 per cent. 

CEMENT No. 9.—See cement No. 3, noting that No. g is the commercial product 
of this manufacturer. 

CEMENT No. 10.—Records not available. 


Preparation and Testing of Specimens. 


STRENGTH.—Compressive strengths were obtained on 6-in. by 12-in. gravel 
concrete cylinders proportioned either 1: 6-7 or 1:5 by weight. A cement- 
water ratio of 1-59 was used for the 1 : 6-7 mix, and gave nearly the same flow as 
the c/w ratio-of 1-88 used for the 1:5 mix. The cylinders were stored moist 
until tested at seven and 28 days and one year. Compressive strengths were 
also obtained by standard procedures on 2-in. cubes made of I : 2°75 fine testing 
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sand and 1:3 standard sand mixes. The cubes were stored in water until tested 
at seven, 28, and go days and one year. Tensile strengths were obtained on 
mixes of the same proportions and materials and at the same ages as those in the 
tests on the cubes. 

WETTING AND Dry1ING.—The specimens were made of the 1: 6-7 and 1:5 
mixes and were 4 in. by 4 in. by 30 in. in size. The bars were removed from the 
moulds at 24 hours and measured. Two specimens of each mix were’ cured for 
27 days in laboratory air at a temperature of 70 deg. F. Two specimens were 
moist cured at 70 deg. F. for 27 days. The lengths of the bars were measured 
at 3, 7, 14, 21, and 28 days. At 28 days the moist cured specimens were trans- 
ferred to dry air storage, and those that had been dry cured were transferred to 
moist storage. During the following four weeks the specimens were measured 
weekly, and at the end of this period storage conditions were again reversed. 
Reversal of conditions was continued at four-week intervals up to two to six 
years, length measurements being taken each time the conditions were changed. 
During later tests the period between reversals was increased to one year. 


FREEZING, THAWING, DRYING, AND SOAKING TESTS.—The specimens for the 
durability tests were 3 in. by 6 in. cylinders made of 1: 6-7 and 1:5 gravel- 
concrete mixes. One set of specimens of each concrete was moist-cured for 
seven days and a second set for 28 days in the damp closet. The cylinders in 
sets of three were subjected to the following cycles: (1) Freezing and thawing 
once. daily for six days then soaking in water at room temperature for one day ; 
(2) Freezing and thawing once daily for three days, then drying at 65 deg. C. 
for three days, and then soaking in water at room temperature for one day ; 
(3) Drying at 65 deg. C. for three days and then soaking in water at room tem- 
perature for four days. Companion specimens were stored continuously in 
the damp closet. These, together with the specimens used in the drying and 
soaking tests, were broken in compression at the ages at which specimens first 
disintegrated in either the freezing-thawing or the freezing-thawing-drying tests. 

In the freezing-thawing tests the specimens were placed lengthwise in I-in. 
deep pans which were filled with water and stored over night in a chamber main- 
tained at — 5 to —15 deg. C. The following morning the specimens (in the pans) 
were transferred to a tank containing water at room temperature and left to thaw. 
The specimens were considered to have disintegrated when cracking had decreased 
their mechanical strength to such extent that they could be broken by hand. 
No progressive spalling was manifested by the specimens. 


RESISTANCE TO SULPHATE SOLUTIONS.—Bars of a 1:5 standard sand mix 
I in. by 1 in. by 6 in. in size, were tested in sulphate solutions. The specimens 
at the age of seven days (one day in moulds and six days in water) were measured 
for length. Three specimens for each of the cements were immersed in a Io per 
cent. sodium sulphate solution; and in tests of cements Nos. 6 to Io triplicate 
specimens were also immersed in a 10 per cent. magnesium sulphate solution and 
in a solution containing 5 per cent. sodium sulphate and 5 per cent. magnesium 
sulphate. The bars were measured and examined at four-week intervals. 
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LINEAR CHANGES CAUSED BY AUTOCLAVING.—Specimens were autoclaved 
at a steam pressure of 295 lb. per square inch (216 deg. C). Concrete bars, 2 in. 
by 2 in. by ro in., were made of a 1 : 5 mix by weight using river sand and gravel 
of a maximum size 3} in. The cement-water ratio was 1°75. These specimens 
(in duplicate) after 24 hours moist curing were measured for length and then 
autoclaved for three hours. Neat cement bars, 1 in. by 1 in. by 10 in., were 
moist cured for 24 hours and measured for length, and then sets of two bars were 
autoclaved for 1, 3, and 18 hours. One additional set was cured for six*days in 
water after removal from the moulds and then autoclaved for three hours. One 
of each set of the neat cement bars was stored on the roof and the other in the 
laboratory, and measured twice a year. The concrete bars, together with normally 
cured bars, were tested for flexural strength at 48 hours. The specifnens were 
loaded at mid-length on a span of 9-in. 

HEATS OF HyDRATION.—Heats of hydration at 7 and 28 days were measured 
by the differential heat of solution method described in Federal Specification 
SS-C-158. 

Discussion of Data. 


The compressive and tensile strengths and other data are given in Table 3. 

Compressive Strength The 1 : 6-7 concrete in tests of nine commercial Port- 
land pozzolana cements gave strengths which ranged from 1,180 to 2,380 lb. per 
square inch at seven days, from 2,370 to 4,340 lb. per square inch at 28 days, 
and from 3,390 to 5,700 lb. per square inch at one year. The laboratory blends 
and the natural cements gave comparatively low strengths. The two concrete 
mixes in tests of the two Portland cements were too harsh and wet for deter- 
mining representative strengths. 

Notwithstanding the differences in flows for each mix, the 1: 5 concrete and 
the 1: 2°75 mortar, both having the same or nearly same cement-water ratio, 
gave approximately the same strengths at seven days except for cement No. 3, 
At 28 days the differences in strengths between the two mixes were slightly larger 
than at seven days, and at one year the agreement was even poorer than at 
the other two ages. At all ages the mortar made of cement No. 3 was much 
stronger than the concrete. 

The tests on the 1 : 2-75 mortar show that seven Portland pozzolana cements 
complied with the seven-day strength requirement of 1,800 Ib. per square inch, 
and all complied with the 28-day strength requirement of 3,000 lb. per square inch, 
The strengths of the 1: 3 standard sand cubes were generally higher than those 
of the I : 2-75 fine testing sand cubes. 

The flows of the Portland pozzolana cement mixes varied over a wide range 
for each of the two cement-water ratios, indicating a considerable difference in 
workability. No great difference was observed in the ease of moulding the 
specimens except for cement No. 3 and the two laboratory blends ; these three 
, cements yielded harsher and wetter mixes than the others. i 

Tensile Strength—The tensile strengths of the 1 : 3 standard sand briquettes 
made of the ten commercial Portland pozzolana cements ranged from 265 to 
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TABLE 3.—CoMPRESSIVE AND TENSILE STRENGTHS 
(Ib. per square inch). 


May, 1944 


Portland- | 
Type of Pozzolana/jNat- 


Blend 


mL [Le ToL [olf 


Cement: Commercial Portland Pozzolana Lab. ‘ural Portland 
13 


w|i 


1:6.7 concrete, C/W_= 1.59 (6 by 12 in. cylinders) 


Flow, : 
Per Cent} 35) 60) 61] 39 40| 45) 28] 44) 20) 62) 60) 45 
7d. |1480|1250/1440 1620/1820 1180/1820} 960) 330/1010 
28 d. '2540/2810/1810} 760/1740 
1 yr. 930|5700 960 


1:5 concrete, C/W_ = 1.886 by 12 in. cylinders 


Flow, 
Per Cent} 37] 60) 63) 35 47 49 58} 68) 46 
7d. 1820/2110 ‘ 1650 1370} 440)1610 
28 d. 120 10 k 90}1080/2350 
1 yr. 100/5150 200) - 950 |2880 3890 


1:2.75 Fine Testing Sand Mortar (2 in. cubes) 


aj al af al a 
Cc 1.88/1.88)1 .88}1.88 1.88}1.91]1.82/1.91/1.72/1 88/1. 88/1 88 


Per Cent} 74| 104] 91| 99 99] 107] 101/ 100] 101| 82] 105] 108] 83] 95 


. 7d. (2090/1710 2090 2030 /2350/3090/1500}1940/1350) 410}1360 
28d. 1818013250 f '321013370/5210/3230/3030/2140) 980 


90d. [3920/4890 5960 1020|2190/2790 
1 yr. 120 DO0U 5720 46 0 
1:2.75 Fine Testing Sand Mortar (tensile briquets 


7d. | 220) 225) 300] 335 : 180} 90 
340} 320} 460] 450 
400) 440) 490) 490 
400} 460} 490) 415 


1:3 Standard Ottawa Sand Mix (2 in. cubes) 
C/wW . 29:2. 43/2.32/2. 23/2. 27|2.27|2.32/2.19|2.32)2:21|2 29/2. 43/2 .31 


Normal 

C’n’stncy, 

Per Cent/|26. . .0/28. 0/26 . 8/27 .0/26.0 
7d. 180/2680 


28 d. 


1:3 Standard Ottawa Sand Mortar (tensile briquets : 
305| 290; 340] 355| 265) 350| 350) 400] 270] 345] 260) 125 


(a) C/W ratios were adjusted so that mixes had nearly the same flows (99 to 107). 
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400 Ib. per square inch at seven days and from 380 to 515 lb. per square inch at 
28 days compared with 295 to 300 Ib. per square inch and 395 to 435 lb. per 
square inch for the two Portland cements at seven and 28 days respectively. 
The natural cement gave comparatively low results at the four ages. The strengths 
of the laboratory blended cements Nos. 11 and 12, particularly No. 11, were low 
at seven and 28 days, but increased during the later ages. Both Portland cements 
showed a marked retrogression in strength between go days and one year. This 
was true of only cement No. 4 among the five Portland pozzolana cements tested 
at these ages. 


No correlations were found between the tensile strengths of the mortars 
made with the two types of sand except that many of the results at both 90 days 
and one year showed good agreement, although at seven and 28 days the 1:3 
standard sand mortar, as would be expected from the higher cement-water ratio, 
gave higher strengths. 


Flexural Strength—With the exception of cement No. 7 the flexural strengths 
of the autoclaved specimens were higher than those of seven-day normally-cured 
specimens, and in all cases were lower than those of 28-day normally-cured 
specimens. In the case of cement No. 7, autoclaving increased the strength by 
only a small amount. 

ALTERNATE WETTING AND DryinGc.—All cements except Nos. 5 and Io were 
used in the tests. The two concretes, 1: 6-7 and 1:5, gave nearly the same 
results. Similarly the Portland pozzolana, the laboratory blended, the natural, 
and the Portland cements all yielded about the same results except for No. 3. 

The specimens stored moist after removal from the moulds at 24 hours showed 
little or no expansion. The average expansion at four weeks was 0-003 per cent. 
The drying of the bars during the interval between four and eight weeks resulted 
in a progressive shrinkage which averaged 0-024 per cent. at eight weeks. The 
specimens when stored moist during the next four weeks, and also after subse- 
quent four-week periods of moist storage, did not expand to the 24-hour length. 
The net shrinkage, which averaged 0-005 per cent. at 12 weeks, increased to 0-009 
per cent. at 36 weeks and then remained nearly constant at 0-009 per cent. 

Following the first few repeated wettings and dryings (24 to 32 weeks) the 
difference between the moist and dry lengths averaged o-o16 per cent. The 
values ranged only from 0-013 to o-org per cent. During the first few reversals 
the expansions and contractions were slightly higher than 0.016 per cent. Speci- 
mens of cement No. 3 showed a small but steady growth with repeated wetting 
and drying. 

The specimens placed in the laboratory air after removal from the moulds 
at 24 hours showed shrinkage which at four weeks averaged 0-029 per cent. 
The bars stored moist after the dry curing did not expand to the 24-hour length 
during the following four weeks but showed an average net shrinkage of 0-15 
per cent., which remained nearly constant for all later measurements. The 
differences between the moist and dry lengths averaged o-o11 per cent. after the 
first few reversals (28 to 32 weeks). These differences averaged 0-007 per cent. 
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for the two Portland and one natural cements, whereas the Portland pozzolana 
cements showed an average of 0-014 per cent. The average shrinkages at the end 
of four weeks drying following four weeks moist curing was 0-027 per cent. In 
this respect only do the-average results for the moist and dry cured specimens 
agree. Otherwise the dry cured specimens showed a slightly smaller expansion- 
contraction differential and a slightly larger net shrinkage after storage in the 
damp closet than the moist cured specimens. 

The specimens, except those of cement No. 3, after the first few alternations 
showed no further changes of either the moist or dry lengths for 28-day storage 
periods totalling two to six years. For this reason the period between alternations 
was increased to one year. The lengths after the one-year periods of moist storage 
were about the same as after the 28-day periods. The lengths after the one-year 
periods of drying, however, were substantially less than those observed after 
the 28-day periods. (The shrinkages averaged approximately 0-04 per cent. 
compared with about 0-025 after the 28-day periods.) Both concretes gave 
nearly the same results, except for cement No. 3. The 1:5 concrete of this 
cement showed an expansion of 0-02 per cent. larger than that of the 1 : 6-7 
concrete. 

FREEZING, THAWING, DRYING, AND SOAKING TESTS.—The results show that 
neither changing the mix from 1: 6-7 to 1: 5 nor lengthening the curing period 
from seven to 28 days affected the resistance of the cements'to the cycles of freez-_ 
ing, thawing, and drying. Cements Nos. 5, 12 and 14, however, were markedly 
less resistant after seven days curing than after 28 days in the freezing and thawing 
cycle. No trend is apparent in the freezing and thawing cycle between the 
resistance of the Portland pozzolana and the Portland cements. In the freezing, 
thawing, and drying cycle, however, the Portland pozzolana cements were more 
resistant. There were large variations among the results for the Portland pozzo- 
lana cements, but because of the small number of Portland cements tested no 
general conclusions can be drawn regarding their relative durability. 

A comparison of the compressive strengths of the specimens stored in the 
damp closet and those subjected to cycles of drying at 65 deg. C. and soaking 
show that, with the exception indicated below, the strengths were decreased by 
the drying and soaking treatment (2 to 50 per cent. decrease). Specimens 
Nos. 4, 5, 7, both concretes at seven days and cement No. 10 (richer mix at 28 
days) were the exceptions. Specimens of cement No. 3, which showed the largest 
reduction in strength, were badly cracked. 

RESISTANCE TO SULPHATE SOLUTIONS.—At four weeks specimens of both 
types of cements were intact. However, the expansions of the Portland cements 
ranged from 0-05 to 1-85 per cent. and those of the Portland pozzolana cements 
from 0-024 to 0-15 per cent. at this age. Only two of the ten Portland pozzolana 
cements showed expansion greater than 0-1 per cent., whereas 22 of the 28 Portland 
cements’ exceeded this value. At later ages, however, most of the Portland 
pozzolana cements expanded considerably (as also did those of the Portland 
cements), and within one year (except cement No. 5) had either disintegrated 
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or were nearly disintegrated. Of the group of 28 Portland cements, eight re- 
mained intact through a period of one year, and five of these showed less expansion 
at one year than that shown (0-27 per cent.) by the one Portland pozzolana 
cement. 

The Portland cement used for preparing laboratory blend No. 12 showed 
nearly the same high resistance to sulphate action as the blend itself. The cement 
used for making blend No. rr was not tested for sulphate resistance. 

The action of the 10 per cent. magnesium sulphate solution as shown by 
results for cements Nos. 6 to 10 was markedly more severe than that of the 10 
per cent. sodium sulphate. The 5 per cent. sodium sulphate plus 5 per cent. 
magnesium sulphate solution was slightly less severe for three cements but more 
severe for two cements than the ro per cent. sodium sulphate solution. 


LINEAR CHANGES CAUSED BY AUTOCLAVING.—With the exception of cement 
No. Io the linear changes of the neat cement bars ranged from — 0-032 to + 0-068 
per cent. for all tests. Cement No. 10 showed expansions of 0-215 and 0-236 
per cent. The differences produced by varying the time of autoclaving (I, 3, 
or 18 hours) or the time of curing (24 hours or seven days) are not significant 
from the standpoint of the acceptance limit (1 per cent.) of the standard test. 
The concrete bars showed expansions ranging from 0-017 to 0-08 per cent. In 
the case of cement No. 10 the concrete bars expanded markedly less than did the 
neat cement bars. 

HEATS OF HyDRATION.—The heats of hydration, in calories per gramme, of 
cements Nos. 6 to 10 were as follows at 7 and 28 days: 








7 days 
28 days 


With the exception of No. 8 these cements meet the requirements of the specifica- 
tion for moderate-heat-of-hardening cements. 

MISCELLANEOUS.—The Portland pozzolana pastes were generally very sticky 
compared with Portland cement pastes. Also, in a number of cases the pozzolana 
cement mixes were markedly “ fatter ’’ than those of Portland cement. 

The 4-in. by 4-in. by 30-in. concrete bars made of cements Nos. 1, 2, and 4 
showed easily detectable cracks in the first few weeks. However, the cracks 
disappeared in less than a year. 

Some of the autoclaved neat paste specimens after six months to four years’ 
storage on the roof showed extensive cracking and a few were broken by weathering 
action. Specimens stored in the laboratory appeared sound up to an age of 
three years, but between three and four years some developed cracks. Small 
linear changes only, if any, accompanied the development of these cracks. Whether 
mortar specimens of the same cements would also crack and disintegrate is un- 
known. 
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Summary. 


(1) The commercial Portland pozzolana cements tested showed mortar 
strengths approximating, and in some cases exceeding, those required by specifica- 
tions for standard Portland cements. One natural and two Portland-Santorin 
Earth cements gave low strengths, particularly at seven and 28 days. 

(2) The expansions and contractions of nine Portland pozzolana cements 
in alternate wetting and drying tests were similar in extent to those of one natural 
and the two standard Portland cements. One commercial Portland pozzolana 
cement showed a small but steady growth. 

(3) Combinations of freezing, thawing, drying and soaking tests gave a variety 
of results for six Portland pozzolana and two Portland cements. The Portland 
pozzolana cements showed a better resistance than did the Portland cements. 
No definite difference was manifested in the resistance to cycles of freezing and 
thawing without drying. Specimens subjected to alternate drying and soaking 
generally had lower strengths than those stored in the damp closet. 

(4) The ten commercial Portland pozzolana cements showed better resistance 
to the action of a 10 per cent. solution of sodium sulphate than the Portland 
cements at four weeks. During longer periods of storage, however, the greater 
number of both types of cements underwent excessive expansion or were dis- 
integrated. 

(5) The linear changes of neat cement bars during autoclaving were small 
for four of five Portland pozzolana cement tested, the fifth showing an inter- 
mediate expansion (0-24 per cent.) 

(6) Four of the five Portland pozzolana cements tested for heats of hydra- 
tion met the requirements of the specification for moderate-heat-of-hardening 
cements ; the fifth showed higher heats of hydration. 

(7) Concrete mixes in which Portland pozzolana cements were used were 
markedly “ fatter ’’ than corresponding mixes containing Portland cements. 


Automatic Controlling and Recording of Chemical Processes. 

The Institution of Chemical Engineers and the Institute of Physics announce 
a joint conference on “ Instruments for the Automatic Controlling and Recording 
of Chemical and Other Processes,’ to take place in London on September 22 
and 23. The purpose of the conference is to promote the interchange of knowledge 
and experience between those employing automatic controllers and recorders, 
and to encourage collaboration between physicists and chemical engineers. Further 
particulars will be sent on request by the Institution of Chemical Engineers, 
56 Victoria Street, Westminster, S.W.1. 
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Construction of Silos. 


THE structure illustrated is one of fifteen silos recently completed for the storage 
of home-grown wheat. The drying plant is arranged in a central working house, 
on each side of which are twelve storage silos 65 ft. high ; in some cases the bins 
are 15 ft. in diameter, and in others they are 13 ft. 6 in. square. The working 
house, of seven floors, is 85 ft. high by about 30 ft. square. The wings containing 


SON EM Brey“ 


Fig. 1. 


the bins are go ft. long by 30 ft. wide by 75 ft. high, including pent-houses, and 
built against these wings are the fuel store and boiler house, sacking areas, offices, 
etc. 

The central working house is of steel frame and brick construction. The brick 
filling was started at second-floor level and carried up to the roof to facilitate the 
installation of the machinery on the ground and first floors; the brick walls on 
these two floors were erected later. 





Pace 44 ° CEMENT AND LIME MANUFACTURE May, 1944 


The conveying plant is arranged so that the contents of any bin can be moved 
into any other bin; by means of a conveyor beneath the bins, any bin can be 
emptied and its contents taken to the top of the working house, where it passes 
through the dryer by gravity. The conveyors can handle an intake of 40 tons 
per hour; the capacity of the dryer is ten tons per hour; the total storage 
capacity is about 5,000 tons (200 tons per bin). 

The specification permitted a tolerance of 1 in. out of the vertical in the bin 
walls. In some cases climbing panel shutters were used and sliding shutters in 


Fig. 2. 


others. The panels of the sliding shutters (Fig. 2) were 8 ft. long by 3 ft. deep. 
The walls are 6 in. thick. The concreting was carried out continuously day and 
night for 144 hours. A small amount of artificial lighting was permitted during 
“ black-out ”’ hours ; during “‘ alert ’’ periods this was extinguished and the work 
carried on with the aid of torches. When climbing shutters were used the panels 
were raised by block and tackle, cranes, or other means. The concrete was 
mixed at ground level and raised by electric hoists. 
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The Resistance of Concrete to Frost. 
THE following extract from a paper by Mr. A. R. Collins, M.Sc., A.C.G.L., 
D.1.C., A.M.Inst.C.E., of the Road- Research Laboratory of the Department of 
Scientific and Industrial Research, is reprinted by permission from the ‘‘ Journal’’ 
of the Society of Chemical Industry. The research work was carried out at the 
Laboratory, and Crown copyright is reserved. 

The most common effect of frost on concrete roads has been a slight surface 
scaling. In some cases this has amounted to no more than the removal of the 
laitance produced by working, but sometimes the concrete is affected to an 
appreciable extent. The most serious cases of damage have generally occurred 
as a result of using salt to remove ice or frozen snow from the surface. Even in 
these cases, however, the scaling has not penetrated more than about } in. into 
the concrete. The cause of these failures is not considered to be due to any 
chemical action of the salt, but to the lowering of the temperature by the freezing 
mixture formed by the salt and the ice on the surface. 

Since the war, failures of a much more serious kind have occurred without any 
application of salt. These have been due partly to the severity of the weather 
_ experienced, but a large part has been played by the lower standards of con- 
struction in wartime. The type of damage that has occurred in these failures 
is similar to that previously met, but is much more severe. It consists of surface 
scaling of a much deeper type which in some cases has exfended through the 
whole depth of a 6-in. slab. Experimental work has been done as a result 
of these severe failures. Naturally, in wartime conditions the experiments have 
not been of a very fundamental character and as yet no real explanation of the 
mechanism of frost failure can be given. It has become clear, however, that 
frost damage is linked in some way with the pore structure of the concrete and 
particularly with the size distribution of the pores. The actual cracking and 
scaling that occurs is, of course, due to the bursting stresses caused by the water 
freezing in the pores. The following notes give some account of the work done. 

Frost damage to concrete may occur either in the aggregate or in the hardened 
cement paste. Failure of the aggregate is uncommon, but well recognised. It 
occurs only when the aggregate itself is of low frost-resistance. The most 
common material to give trouble in this way is limestone, but failures also occur 
with certain types’ of brick. B. H. Knight (in ‘‘ Road Aggregates’’) has 
reported that the limestones most likely to cause trouble are those of high porosity 
containing clay. The poor frost-resistance of concrete containing chalk has 
shown, however, that the clay is not an essential factor. Most probably it is 
high porosity combined with small pores which makes the material liable to 
damage. Stones having a good resistance to frost when exposed directly to 
weathering will not in themselves be the cause of damage to concrete. Whether 
the aggregate is affected by frost or not, failure may occur in the cement paste 
with the consequent disintegration of the concrete. 

The pores in concrete are of two types: the so-called ‘‘air voids’’ and the 
‘water voids.’’ The air voids are due to incomplete compaction and the conse- 
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quent entrapping of air, while the water voids are formed by the excess of mixing 
water used over that required for the chemical hydration of the cement. * In well- 
compacted concrete the air voids are almost eliminated and may be neglected for 
the present purpose. When the concrete is not well compacted the air voids: are 
easily visible as honeycombing and are usually too large to retain water. They 
therefore do not play much part in causing frost damage. The water voids, on 
the other hand, are nearly always very small and invisible to the naked eye. 
In normal conditions of curing, cement will combine with about 20 to 25 percent. 
of its own weight of water. In most concretes, however, the actual mixing 
water used amounts to about 50 or 100 per cent. by weight of the cement. The 
water not combining with the cement remains in the concrete or dries out 
according to weather conditions. In either case ‘‘ water voids’’ are formed. 
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Fig. 1.—Relation Between Void Content of Concrete and Water-Cement Ratio. 
(Proportions by weight.) 


The extent of these voids is shown in Fig. 1, in which the total porosity of well- 
compacted concrete, as measured by water absorption, is shown plotted against 
the water-cement ratio. The porosity of the aggregate used was about 3 per 
cent. by volume and this is included in the total porosity. 

In order to exclude the effect of the aggregate the results given in Fig. 1 
have been recalculated as a percentage of the cement paste only, making full 
allowance for the porosity of the aggregate. The results are given in Fig. 2 
and they show that the voids occupy from 40 to 50 per cent. of the total 
paste volume according to the water-cement ratio. 

The measurement of the actual frost-resistance of concrete presents certain 
difficulties, both in the methods of testing and in assessing the results. Natural 
weathering cannot be used as it is neither sufficiently severe nor rapid enough to 
give useful results. Some form of accelerated freezing test has to be applied. 
This generally consists of repeated cycles of alternate freezing and thawing under 





May, 1944 CEMENT AND LIME MANUFACTURE Pace 47 


standard conditions. The choice of a criterion for assessing the damage to the 
concrete is also rather difficult, and it must of necessity be arbitrary as is the 
freezing test itself. Generally the change in some property of the concrete is 
used—usually the modulus of elasticity or the crushing strength. The loss in 
weight of the concrete is sometimes used to assess the damage, but this is appre- 
ciable only when the concrete is in a state of general disintegration. For smaller 
degrees of damage no loss in weight occurs. 

The advantages of using the modulus of elasticity as a measure of damage are 
that it is a non-destructive test and the same specimen can be used throughout 
the test. This method is popular in the U.S.A. and it has been used in a number 
of investigations. Typical results obtained by one of the investigators (W. T. 
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Fig. 2.—Relation Between Void Content in Cement Paste and Water-Cement Ratio. 
(Proportions by weight.) 


Thomson, Proc. Am. Soc. Testing Mat., 1940) are shown in Fig. 3. The 
modulus of elasticity is at first rapidly reduced by the freezing and thawing, but 
the later effects are small. It is shown that the concrete with the higher water- 
cement ratio is more affected by freezing than the other. This corresponds with 
practice, but the exact relationship between reduction in modulus and degree of 
damage has not yet been established. 

The reduction in crushing strength as a measure of damage is perhaps a more 
logical means of assessing frost damage as it shows the reduced ability of the 
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concrete to perform its structural functions. Its disadvantage as a test, however, 
is that, being destructive, it requires a large number of specimens. The experi- 
ments in the present investigation have all been made on a basis of the crushing 
strength. 

The specimens used in these experiments consisted of 4-in. cubes of concrete, 
half the number of which were subjected to a daily cycle of freezing at — 14 deg. 
C. and thawing at +25 deg. C., while the other half were stored at normal tem- 
peratures. The effect of freezing was assessed by the reduction in crushing 
strength compared with that of normal curing. Typical results are given in 
Fig. 4. They show that the early effects of freezing are slight. Such reduction 
in strength as does occur is considered to be due to the reduction in rate of 
hardening at the lower temperatures and not to any destructive effect of the 
freezing. The later effects are more serious and final failure occurs quite rapidly. 
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- Fig. 3.—Reduction of Modulus of Elasticity Due to Freezing and Thawing. 


The most important of the results so far obtained is that the frost-resistance is 
largely affected by the water-cement ratio (see Fig. 5). 

Although these effects can be regarded as strictly true only for the conditions 
under which the tests were made, experience shows that when serious failures 
have occurred in practice the water-cement ratio has been about 1-0 or over. 
It therefore seems probable that the rapid decline in resistance when the water- 
cement ratio is above 0-9, as shown in Fig. 5, is quite real. The increased 
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Fig. 5.—Relation Between Number of Cycles of Freezing Required to Cause a Given 
Reduction in Crushing Strength and Water-Cement Ratio. 
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resistance at lower values of water-cement ratio is not of any practical significance 
in this country, as natural conditions of freezing are not usually sufficiently severe 
to cause failure. 

Tests are also being made to determine the effects of other factors besides the 
water-cement ratio. Full results are not yet available, but those so far obtained 
indicate that the water-cement ratio is the principal factor in determining frost- 
resistance as it is in determining most of the other properties of concrete. 

The problem which confronts the engineer is how frost damage can be pre- 
vented. The simplest answer is that the maximum water-cement ratio must not 
exceed about 0-9. This would mean an average of not more than about 0-7. 
With clean well-graded aggregates and mixes not leaner than about 1:7} by 
weight it is unlikely that a safe water-cement ratio would be exceeded. This is 
the reason why serious damage did not occur in peacetime. The trouble arises 
in wartime conditions when the aggregate is an oversanded and dirty all-in ballast 
and the mix is made of very high workability to speed up construction. It is 
then quite likely that a water-cement ratio as high as 1-2 would be used with 
mixes of 1:6 nominal proportions, 

To reduce the water-cement ratio to a safe value one or more of the following 
methods must be used : (1) Washing and regrading the aggregate ; (2) Increasing 
the cement content; (3) Restricting workability. The best and safest method 
is to wash and regrade the aggregate, and on many works this may also prove the 
most economical. Where the capital costs and the delay involved in setting 
up an aggregate washing plant cannot be allowed, an increase in cement content 


alone may give the required resistance to frost, but with certain aggregates the 
cost of the method might be excessive. The restriction of workability as a means 
of lowering the water-cement ratio can only be made when good supervision is 
available to ensure that the degree of workability decided on is always used. 


Names for Concrete Ships. 
NAMES connected with the cement and concrete industries have been selected 
for some of the concrete vessels built for the United States Maritime Commission. 
Among these are Joseph Aspdin, John Grant, C. W. Pasley, John Smeaton, 
Le Chatelier, Vicat, D. O. Saylor (the first to manufacture Portland cement in 
America about 1872), and others connected with the United States cement and 
concrete industries. 
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Regulations Affecting the Use of Electricity 


in Quarries. 
SOME notes on the various regulations in force regulating the use of electricity 
in quarries, and particularly the wartime regulations, were given by Mr. J. Parker 
(of the Works Department of the Associated Portland Cement Manufacturers, 
Ltd.) at a recent meeting of the London branch of the Association of Mining 
Electrical and Mechanical Engineers, and the following is an abstract of the 
paper. : 

Following the passing of the Factories Act of 1937 the control of the use of 
electricity in quarries passed from the Home Office Electricity Regulations to 
regulations issued under S.R. & O., 1938, No. 1233, entitled The Quarries General 
Regulations (Electricity). An exemption in these regulations allows for cables 
and apparatus installed before July 1, 1938, an extension until July 1, 1945, for 
compliance with the regulations. This exemption is now subject to a proviso 
(Ministry of Fuel and Power Announcement MFP/C/89, August 13, 1943). The 
new regulations did not greatly affect large operators who had a competent 
‘staff and resources available to deal with the situation. In the case of small 
users, however, it was looked upon as a great hardship, and the opinion is freely 
expressed that the use of electricity in quarries is now being considerably curtailed 
owing to the incidence of the new regulations and that mechanically-driven plant 
is being used in preference. 


If an operator takes a bulk supply at high tension and transforms for his own 


use he is able to control the effective earthing of the transformer neutral point. 
If a non-locally transformed supply is taken, or if the point of supply is on the 
low-tension supply of a supply company’s transformer, there is no obligation on 
the part of the undertaker (as his portion of the system is controlled by the 
Electricity Supply Regulations) to establish an earth of 2 ohms at the transformer 
as required by the quarry regulations. There are instances where an operator 
arranges for electricity supply for his quarry from his own bulk supply in an 
adjacent works ; the conditions of supply are the same, but as the operator 
is not an “‘ undertaker ’’ it appears to be his duty to arrange that this supply is 
in accordance with the quarry regulations up to the point where it is controlled 
in the adjacent works. If the supply is above 650 volts, earth-leakage protection 
is required. There is no compulsion for the undertaker to use earth-leakage 
protection for his supply to the transformer. The undertaker may use plain 
lead-sheathed and unarmoured cable for his supply, but the operator would be 
required to use cable and protection in accordance with the quarry regulations. 


So long as the undertaker complies with the electricity regulations and, under 
certain conditions, the factory regulations, he has done all that is required of 
him. Here are two identical conditions to which different codes apply. Under 
the Electricity Commissioners’ regulations there is no need for an earth wire 
with overhead lines, and if an earth wire be used there is no indication in these 
regulations of the relative conductivity required. If earth-leakage protection 





PaGE 52 CEMENT AND LIME MANUFACTURE May, 1944 


is used, satisfactory protection against earth faults can generally be arranged for 
by establishing earths. If, however, overload protection or fuses are used, 
satisfactory protection against earth faults cannot be obtained even with low- 
resistance earths, and also due to the resistance of the line conductor. Under 
Regulation 4 this may not be assumed to be adequate protection against danger, 
but at the same time the overhead line is erected in accordance with the regulations 
and the necessary earthing done. 

The quarry regulations and the factory regulations differ greatly in intention. 
The factory regulations work to general requirements for safety and allow the 
inspectors to use a large amount of discretion. On the other hand, the quarry 
regulations attempt to establish definite standards of safety in the form of specific 
conductances, shock voltages, earth-plate resistances, and so forth, which are 
quite empirical. Engineering requires the application of sound judgment and wide 
experience, and insofar as an engineer is restricted in applying these qualities 
so will his usefulness decrease. For this reason it is felt that the quarry regulations 
are somewhat retrograde, however useful they may be in establishing arbitrary 
standards for small quarries which may not be controlled by engineers. 

This attempt to obtain precision leads to a confusing situation in the matter 
of earthing and continuity testing. 

If it is held that external bonding in accordance with Regulations 11 and 12 
is permissible in order to overcome the defects of apparatus which does not 
comply with Regulation 9 (1) for conductivity, then the question arises how far 
this practice can be carried. For example, a driving unit of an aerial ropeway 
would comprise a connection chamber with bus-bars, isolating switch, watt-hour 
meter, stator circuit breaker, drum controller resistance unit, slip-ring motor, and 
brake magnet, located in a close group and coupled together by conduit. The 
number of joints in the metallic covering would be considerable. Owing to 
possible vibration from operating conditions, it could not be expected that every 
joint made would maintain its installed conductivity, and, as this does not inspire 
confidence, resort would have to be made to an external copper bonding system 
for the various components of the equipment to secure safety and to comply with 
Regulations 11 and 12; but it cannot be proved whether Regulation 9 (1) is 
observed in any section of the entire group because the bonding system effectively 
shorts the whole of the metallic covering and’casings. In practice the work of 
earthing has been carried out in accordance with normal practice as used in factory 
wiring, and in spite of the objection to bonding by external conductors which is 
implied in the quarry regulations. Similar conditions occur with conduits run 
on the frames of buildings, or with armoured cable buried in the ground where, 
in determining the earth conductivity of the metallic sheath, the resistance in 
parallel with the. metallic sheath is also measured and the values obtained are 
not those required by the regulations. 

Regulation 26 omits a rather important point with regard to the measurement 
of resistance, namely, that the apparatus used for testing must be capable of 
measuring accurately any value likely to be met. Under wartime conditions, 
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and even under normal conditions, the necessity to carry out six-monthly tests is 
too harsh, and should be definitely’ extended without the necessity of applying 
for an extension ; it is thought that these tests should be made at similar intervals 
as statutory boiler inspection tests, namely, twelve to fourteen months. 
Assistance with testing is given to some operators by the undertaker and, in 
consequence, widely different procedures are used in tests and entering in a log 
book. It is now thought that the Mines Department should issue a code of 
practice with regard to testing, or at least give a clearer explanation of what is 
required. 

If the definition of wire given in the Oxford Dictionary as “ metal drawn into 
the form of thread, cord, or tape ’’ is taken as a basis, metallic covering as defined 
in clause g (1) as cables should allow the use of tape. There are certain sizes 
of double steel-tape armoured cable where the conductance of lead sheathing 
and armouring are in line with the conductance required. A considerable amount 
of this type of cable is installed and buried in the ground, and if a conductance 
test be taken it is possible, with the parallel earth circuit, that the conductance 
of armouring and lead sheath, as measured buried, would have appropriate 
values. Some consideration should be given to these cases, and it is suggested 
that they should be allowed to remain if already installed so long as appropriate 
protection is afforded in the case of earth faults. It should, however, not be 
assumed that the D.C. resistance value of conductivity will be obtained if A.C. 
current is applied, owing to the increased impedance due to convolution and 
magnetic characteristics of the material used. No consideration of these condi- 
tions is apparent in the regulations. 


The use of flexible conduit (Clause g (1) 6) is reserved for motors used with 
slide rails. There are other applications for which flexible conduit should be 
permitted, including magnetic brakes where the operating solenoid moves with 
the mechanism ; if above 125 volts A.C., wire-armoured flexible cable is too stiff, 
and unless flexible conduit is allowed it is difficult to suggest an effective 
alternative. 


Clause g (2) 6 appears to be very indefinite. In the case of paper-insulated 
cables, sealing is done with bitumen and precautions taken to sweat the conductor 
for a short length where it is sealed in bitumen so as to prevent cable oil bleeding 
and also to prevent the ingress of moisture. The same practice can be used with 
cambric and V.I.R. cables where they terminate in apparatus. The necessity 
for sealing the conductor is important, but is ignored in the regulation. The 
question arises whether this regulation applies to small wiring in control gear which 
is normally not sealed, or to wiring in lighting installations where conduit is used. 

Clause 20, on isolation, etc., appears to be very difficult to interpret. It does 
not appear that every switch is required to have an earthing position, but 
apparently leaves the user to decide what should be done so long as danger is not 
involved. There does not appear to be any attempt to define, in a practical 
manner, a line of demarcation between what is governed by quarry regulations 
and what is controlled by factory regulations. If any demarcation is made it is 
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generally by mutual arrangement with the inspectors of the Ministries concerned. 
It is suggested that so far as electricity is concerned it should apply only where 
the operation of quarrying is carried out ; that each quarry operator be allowed 
to consider that the point of supply in the quarry should be under the same 
conditions as if supply were taken direct from an undertaker; and that the 
cables and apparatus concerned in this supply be controlled by the Electricity 
Commissioners’ regulations as regards the construction of overhead lines and cables. 

A description is given in the paper of the various methods of installing earth 
electrodes in accordance with the soil resistivity of the site. One reason for 
earthing is to bring the potential of metal structures, etc., to that of earth should 
they become charged. Another reason is to ensure that, if faults occur to earth, 
the appropriate protection will operate. The neutral of a transformer is required 
to be earthed so that the transformer voltage above earth will be stable, and also 
to prevent the secondary windings being charged in case of a fault at primary 
voltage. It would appear that in cases where the neutral point of the trans- 
former is available the earth bonding should be primarily done to this point. 
This would ensure protection against earth faults, and it should suffice to have 
an earth electrode with a resistance of not more than 10 ohms to take care of over- 
potential charging. If the neutral point is not available, it does not seem that 
adequate safety can be obtained with regard to earth faults unless a one-to-one 
transformer is introduced so as to make a neutral point available. If earths 
of low value are established by the operator he cannot control the effective 
earthing of the undertaker’s transformer neutral point. Further, in this conncc- 
tion some undertakers do not wish to have the transformer neutral bonded to the 
earthing system, as resistance of the earth electrode reduces the severity of an 
earth fault. It appears that earthing as required by the regulations may be 
dangerous unless adequate protection is provided. It may therefore be necessary 
to use sensitive earth leakage on fixed plant on low-tension distribution if the 
earthing condition of the undertaker’s transformer is unsatisfactory and not 
available for bonding. In the circumstances the empirical standard required 
by the regulations is considered unsatisfactory and may be unnecessary, and 
should be arranged to depend on local conditions. 

With regard to flexible trailing cables, B.S. 1116 has now been issued covering 
the requirements, except in the case of single-core armoured cables. It is believed 
that up to the present no suitable material has been found for armouring these 
cables which has a low enough loss to be commercially usable. This is unfortunate, 
as a number of operators use large excavators where the cables are outside the 
scope of B.S. 1116. The alternative is to use multi-core cables in parallel, which 
may be troublesome owing to possible unequal distribution of current between 
them. In B.S. 1116 a canvas insert is included in the overall sheathing for 
armoured cables. This appears to be a very desirable feature, as it definitely 
prevents the cable sheath distending and in doing so prevents the armouring from 
bird-caging. This feature also prevents the tearing of the outer sheath, and it 
is also understood to resist penetration of missiles from shot-firing better than if 
the canvas insert were absent. Armoured cables are made either with a cradle 
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centre or with a rubber core. The cable with rubber filler core has been found 
to be in every way satisfactory in service, and exception is taken to delegating 
this type of cable as a secondary type in B.S. 1116. This type of cable is lighter 
and, in consequence, easily handled and contains less rubber and armouring 
owing to its reduced diameter ; consequently it is less expensive. The saving 
of rubber and steel for armouring effected by using this type of cable is important. 


In conclusion the author expressed the hope that a case had been made out 
for the publishing of an explanatory memorandum on quarry regulations, with 
testing procedure, and also for the amendment or further amplification of the 
text of the regulations where ambiguity occurs. It is considered that a code 
of practice should be prepared by the British Standards Institution with respect 
to the establishment of earth electrodes and earthing generally, so that the best 
information may be set out in a practical manner. The control of electricity 
by different regulations is considered to be getting out of hand from a user’s 
point of view, and the industry would generally welcome one code only. 


Fuel Economy in Lime Burning. 


AN important publication entitled ‘‘ Notes on Fuel Economy in the Burning of. 
Lime and Dolomite’’ has been issued by the Central Association of the Lime 
and Limestone Industry of Great Britain. Copies (price 2s. 6d.) are obtainable 
from the Association at 52, Prescott Street, Halifax. The document is the report 
of a Fuel Efficiency Committee for these industries which was formed at the 
suggestion of the: Ministry of Fuel and Power, and covers every aspect of the 
subject. 

It is pointed out that a saving of 28 lb. of fuel per ton of lime represents an 
annual saving of fuel of more than 25,000 tons, and states that in most lime kilns 
less than half of the heat available in the fuel is employed usefully in converting 
the stone into lime. It is suggested that supplies of coke may be made available 
to the industry, and that lime burners should consider the exclusive use of coke’ 
or a mixture of coke and coal, particularly where straight-shaft kilns are in 
operation. The following notes from the report of the Committee relate to the 
use of coke in lime burning. 

The lime produced when coke is used may be more solid (the appearance 
being slightly shrunk) and the material less easily hydrated. In the great 
majority of cases this is of little or no importance to the user, but it should be 
borne in mind where the product is for specialised processes. The use of coke in 
place of coal should lead to an appreciable increase in output from the kiln and 
in thermal efficiency, i.e., a reduction in the amount of fuel used per ton of lime 
burnt. The temperatures obtaining with coke will be generally somewhat higher, 
and as a greater proportion of the heat in coke will be usefully employed, a lower 
ratio of coke to stone can be used than would be the case with coal alone. The 
gases from a coke-fired kiln generally contain a proportion of carbon monoxide 


. 
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gas, and it is therefore advisable to charge a small percentage of coal with the 
coke in order to draw the burner’s attention to the exit gases. 

With the majority of cokes an ash content up to 10 per cent. is tolerable in 
view of the fact that usually less coke than coal is used per ton of lime produced. 
However, since the temperatures obtaining in coke-fired kilns are generally higher 
than in coal-fired kilns, there is a greater tendency for the ash to melt, causing 
slag formation and consequent lining wear and lime contamination. Under war- 
time conditions the moisture content of cokes is generally rather high, but this 
is often unavoidable. Opinion is divided on the optimum size ratio of coke to 
stone, but it is certain that, for the burning of limestone and chalk, much smaller 
pieces of coke than was hitherto thought possible can be used, and that increased 
efficiency and more even burning result. The great advantage of decreasing 
the size ratio of coke to that of the stone is that the fuel will be more evenly mixed 
with the stone, and the heat evolved will consequently be more evenly distributed 
throughout the kiln. In kilns where the stone and coke are mixed before 
charging, the advantage is obvious. Where the fuel is fired in beds, mixing of 
the fuel and stone still occurs to a limited extent during their passage through the 
kiln. It can be taken as a rough rule that the mean diameter of the coke should 
not be more than half the mean diameter of the stone, and in practice much 
smaller coke sizes may be found to be more efficient. While the optimum ratio 
of size of coke to stone is probably a constant for any particular type, the actual 
maximum sizes must depend on the height of the kiln—a taller kiln being able 
to burn larger stone than a small one. 

Coke produced from medium coking coal is generally best for lime burning. 
It may be taken as a very general guide that Yorkshire, Lancashire, North 
Staffordshire and Derbyshire cokes are likely to be suitable for soft- or medium- 
burned lime, whilst those from Durham, South Wales and Scotland (north central 
area) are likely to give hard-burned lime ; there is, however, no very hard and 
fast line of division. 3 

Copies of this 64-page brochure have already been distributed in this country, 
but those requiring additional copies may obtain them from the address given. 


The Power-Gas Corporation, Ltd., and Ashmore, Benson, Pease and Co., Ltd. 
Major W. R. Brown, D.S.O., has been appointed a director of the Power-Gas 
Corporation, Ltd., and Mr. W. R. Beswick (London manager), Mr. R. W. Ruther- 
ford (technical sales manager), and Mr. Charles Robson (secretary) have been 
appointed directors of Ashmore, Benson, Pease & Co., Ltd. 





